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1 .0  INTRODUCTION 

Dur ing  t h e  p a s t  seve ra l  years,  much concern and i n t e r e s t  has been focused on t h e  
s o - c a l l e d  s i n g l e - r e a c t o r  concept  f o r  making s u b s t i t u t e  n a t u r a l  gas (SNG) from c o a l .  
I n  p r i n c i p l e ,  t h i s  concept  proposes t o  charge c o a l  and steam as w e l l  as c a t a l y s t s ,  i f  
necessary, i n t o  a s i n g l e  r e a c t o r  t o  genera te  a gas t h a t  c o n t a i n s  methane as t h e  p r imary  
combus t ib le  c o n s t i t u e n t .  
process t o  y i e l d  a p roduc t  gas o f  h i g h  methane c o n c e n t r a t i o n  t h a t  would n o t  r e q u i r e  
e x t e r n a l  methanat ion.  
D i r e c t  P r o d u c t i o n  o f  Hydrocarbons (Methane) f rom Coal-Steam Systems method o r ,  more 
s imp ly ,  as t h e  "Wyoming Concept." 

p o r t e d  by t h e  O f f i c e  o f  Coal Research (OCR) a t  t h e  U n i v e r s i t y  o f  Wyoming under  Con t rac t  

D i l u e n t s  such as a c i d  gases c o u l d  be removed d u r i n g  t h e  

T h i s  s i n g l e - r e a c t o r  concept  i s  g e n e r a l l y  r e f e r r e d  t o  as The 

The i n i t i a l  concept  was developed a t  t h e  U n i v e r s i t y  o f  Wyoming and has been sup- 

14-01-0001 -1 196. 

About 1 y e a r  ago o u r  Process Eng ineer ing  Group developed process f l o w s h e e t s  and 
approx imate c o s t s  f o r  e r e c t i n g  and o p e r a t i n g  e q u i v a l e n t  s i zed  p l a n t s  u s i n g  d i f f e r e n t  
t e c h n o l o g i e s  t o  produce medium (300-500) and h i g h  (1000) B tu  gas. 
s tudy  suggested t h a t ,  i f  coa l  c o u l d  be g a s i f i e d  t o  methane d i r e c t l y  by u s i n g  steam i n  
t h e  process, such a concept  would have a d e f i n i t e  economic advantage ove r  o t h e r  g a s i f i -  
c a t i o n  t e c h n o l o g i e s  p r e s e n t l y  be ing  developed. 

To s u b s t a n t i a t e  ou r  Process Eng ineer ing  c a l c u l a t i o n s ,  a l i m i t e d  exper imenta l  
program was i n i t i a t e d  t o  assess the  t e c h n i c a l  f e a s i b i l i t y  o f  t h e  concep t .  T h i s  paper 
summarizes t h e  r e s u l t s  o f  t h a t  program. 

The r e s u l t s  o f  t h i s  

2 .0 BACKGROUND 

As a company, Babcock and Wilcox has been i n t e r e s t e d  i n  coa l  g a s i f i c a t i o n  f o r  
Our accomplishments range f rom t h e  c o n s t r u c t i o n  o f  an  oxygen-blown ove r  20 yea rs .  

g a s i f i e r  f o r  t h e  DuPont Company i n  t h e  m id  1950's  t o  t h e  c u r r e n t  c o n s t r u c t i o n  o f  t h e  
B IGAS g a s i f i e r  t h a t  w i l l  be b u i l t  a t  Homer City, Pennsylvania.  

So t h a t  t h e  reader  w i l l  understand ou r  r a t i n g  o f  p roduc t  gas q u a l i t y ,  we w i l l  
i d e n t i f y  a l ow  B tu  gas as one t h a t  produces 80-150 B tu /sc f ,  a medium B t u  gas as one 
t h a t  produces 300-500 B tu /sc f ,  and a h i g h  B t u  gas as one t h a t  c o u l d  se rve  as a p ipe -  
l i n e  gas (i.e., -1000 B t u / s c f ) .  The d i f f e r e n c e  between low  and medium B tu  gas stems 
f rom t h e  use o f  a i r  o r  oxygen as t h e  b low ing  medium. 
n i t r o g e n  i s  p resen t  as a d i l u e n t  i n  t h e  l o w  B t u  gas. 
r e a d i l y  removed f rom t h e  p roduc t  gas. 

(H2) and carbon monoxide (CO) w i t h  a h e a t i n g  v a l u e  o f  320 B t u / s c f .  
depending on t h e  s p e c i f i c  g a s i f i c a t i o n  process, a medium Btu gas may c o n t a i n  a low 
c o n c e n t r a t i o n  o f  h i g h e r  hydrocarbon gases f o r  a h e a t i n g  v a l u e  i n  excess o f  320 Btu/ 
s c f .  

The ma jo r  d i f f e r e n c e  i s  t h a t  
N i t rogen ,  o f  course,  i s  n o t  

Medium Btu gas, a f t e r  t h e  removal o f  a c i d  gases, c o n s i s t s  p r i m a r i l y  o f  hydrogen 
I n  a d d i t i o n ,  
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I n  t h e  p roduc t i on  o f  h i g h  Btu gas, methane i s  generated i n  seve ra l  ways. Two 
i m p o r t a n t  r o u t e s  f o r  i t s  p r o d u c t i o n  a r e  as f o l l o w s :  

0 Dur ing  the g a s i f i c a t i o n  s t e p  by p y r o l y s i s  o f  t h e  coa l  and/or  h y d r o g a s i f i c a t i o n  
o f  t h e  v o l a t i l e  m a t t e r .  
By r e a c t i o n  o f  t h e  H2 and CO e x t e r n a l l y  on t h e  s u r f a c e  o f  t h e  c a t a l y s t  t o  
fo rm CH4 (me thana t ion ) .  

I n  terms o f  g a s i f i c a t i o n  e f f i c i e n c y  ( i . e . ,  B tu  c o n t e n t  o f  c o a l  conve r ted  t o  B t u ' s  
as methane), t h e  f i r s t  r o u t e  i s  p r e f e r r e d .  For example, i f  char  i s  f i r s t  g a s i f i e d  t o  
CO and H2 and then r e a c t e d  t o  f o r m  methane v i a  t h e  second path,  t h e  g a s i f i c a t i o n  
e f f i c i e n c y  i s  69%, assuming c o l d  r e a c t a n t s  and an end p o i n t  t h e o r e t i c a l  temperature 
i n  t h e  g a s i f i e r  o f  1500°F. I f, on t h e  o t h e r  hand, methane can be coupled t o  t h e  
g a s i f i c a t i o n  process so t h a t  2.453 C f 2H20 + 0.453 0 2  = CH4 + 1.453 CO2 ( a l s o  s t a r t -  
i n g  w i t h  c o l d  r e a c t a n t s  and w i n d i n g  up a t  15OO0F), t h e n  t h e  t h e o r e t i c a l  g a s i f i c a t i o n  
e f f i c i e n c y  i s  c l o s e  t o  90%. 

2.1 PREVIOUS WORK 

Development e f f o r t  on t h e  d i r e c t  methanat ion process r e p o r t e d  i n  t h e  l i t e r a t u r e  
c o n s i s t e d  p r i m a r i l y  o f  b a t c h - t y p e  t e s t s  a t  t he  bench s c a l e  l e v e l .  The p u b l i s h e d  r e s u l t s  
suggest t h a t  t h e  f o l l o w i n g  exper imen ta l  procedure would p r o v i d e  t h e  b e s t  approach t o  
t h e  problem (see r e f e r e n c e s ) .  

Coal was f i r s t  mixed w i t h  c a u s t i c  (K2CO3), t hen  charged t o  t h e  upst ream p a r t  o f  
a sma l l  ( - 1 / 2 - i n c h  I D )  r e a c t o r  6 f e e t  i n  l e n g t h .  A n i c k e l  methanat ion c a t a l y s t  was 
e i t h e r  p laced  downstream o r  i n t i m a t e l y  mixed w i t h  t h e  c o a l  and c a u s t i c .  A f t e r  e l e c -  
t r i c a l  r e s i s t a n c e  hea te rs  hea ted  t h e  system t o  t e s t  temperature,  water  ( o r  steam) was 
fed t o  r e a c t  o r  g a s i f y  t h e  c o a l .  
T y p i c a l  t e s t  c o n d i t i o n s  were a s  f o l l o w s :  

O f f  gas volume was measured and p e r i o d i c a l l y  analyzed.  

Temperature, OF 1200 - 1400 
Pressure, p s i g  Atmospheric - 800 
Coal Weight, gm 125 
KzCO3 Weight, gm 15 
Ni Methanat ion C a t a l y s t  Weight, gm 
H20 Rate, ml/hr 4 - 8  

50 - 100 

2.2 LIMITATIONS 

Dur ing  t h e  r e v i e w  o f  p u b l i s h e d  r e s u l t s  on g a s i f i c a t i o n  and t h e  methanat ion 
c a t a l y s t  s t a t e - o f - t h e - a r t  conducted b e f o r e  i n i t i a t i n g  o u r  exper imenta l  program, we 
i d e n t i f i e d  severa l  p o t e n t i a l  l i m i t a t i o n s  t h a t  c o u l d  s e v e r e l y  l i m i t  success fu l  a p p l i c a -  
t i o n  o f  t h e  concept. These l i m i t a t i o n s  a r e  d iscussed below. 

2.2.1 Methanat ion C a t a l y s t  L i f e  

Major  concern c e n t e r s  on t h e  a n t i c i p a t e d  " l i f e "  o f  t h e  expensive n i c k e l  methana- 
t i o n  c a t a l y s t .  T h i s  c a t a l y s t  s e l l s  f o r  about  $3.00 p e r  pound. 
b a t c h  t e s t s ,  t h a t  i s ,  g a s i f y i n g  125 pounds o f  ca rbon  consuming 100 pounds of c a t a l y s t ,  
i n d i c a t e s  a p r o j e c t e d  c a t a l y s t  c o s t  o f  abou t  $150 per  1000 s c f  o f  methane produced. 
I f  we assume repeated 7-1/2 h o u r  c y c l e s  i n t e r m i t t e n t l y  cha rg ing  f r e s h  cha r ,  t h e  n i c k e l  
c a t a l y s t  must l a s t  f o r  15 months t o  d r i v e  c a t a l y s t  c o s t  down t o  $ . l o  p e r  1000 scf  of 
methane produced. 

The environment s u r r o u n d i n g  t h e  n i c k e l  me thana t ion  c a t a l y s t  i s  ex t reme ly  harsh.  
Opera t i on  a t  1200°F r e p r e s e n t s  a temperature s i g n i f i c a n t l y  h i g h e r  than  t h a t  no rma l l y  
used i n  methanat ing Hp and CO. 

S c a l i n g  t h e  p rev ious  

I n  a d d i t i o n ,  t h e  p o s s i b l e  e f f e c t s  o f  t h e  s u l f u r ,  ash, 
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and coke fo rm ing  e n t i t i e s  on  t h e  l i f e  expectancy o f  t h e  n i c k e l  c a t a l y s t  a r e  n o t  c u r -  
r e n t l y  known. 
f o l l o w i n g  areas: 

Our concern f o r  t h e  l i f e  o f  t h e  c a t a l y s t  t h e r e f o r e  r e l a t e s  t o  t h e  

0 S i n t e r i n g  o f  t h e  c a t a l y s t  a t  h i g h  temperatures 

S u l f u r  p o i s o n i n g  
0 D e a c t i v a t i o n  by cok ing  and ash 

2.2.2 Low Throughput - Batch  

o f  c a t a l y s t ,  t h e  l o w  we igh t  h o u r l y  space v e l o c i t y  (WHSV) - WHSV = 125 l b  coa1/100 l b  
N i  cata lystJ7.4 l i r s  = 0.17 -may l i m i t  a p p l i c a t i o n  o f  t h e  concept ,  even w l t h  a du rab le  
l o n g - l i f e  c a t a l y s t .  

t h e  c o a l  c a t a l y s t  m i x .  
250 x 106 scf-SNG per  day seems u n r e a l i s t i c .  
( con t i nuous  cha rg ing  o f  hydrocarbon)  i s  paramount t o  t h e  success o f  t h e  concept .  

The low  c o a l  t h roughpu t  r a t e  may be due t o  t h e  f a c t  t h a t  t h e  endothermic carbon- 
steam r e a c t i o n  t o  CO and H2 does n o t  occu r  a t  a r a p i d  r a t e ,  even c a t a l y z e d  w i t h  K2CO3 
a t  1200 t o  1400°F. On t h e  o t h e r  hand, a temperature o f  1200°F r e p r e s e n t s  a h ighe r  
than  optimum tempera tu re  f o r  methanat ion.  The o v e r a l l  concept  s e t t l e s  f o r  a t r a d e o f f  
a t  temperatures below t h a t  d e s i r a b l e  f o r  r a p i d  g a s i f i c a t i o n  b u t  h i g h e r  t h a n  t h a t  
d e s i r e d  f o r  good methanat ion.  

Using t h e  p u b l i s h e d  r e s u l t s  as a b a s i s  f o r  e s t i m a t i n g  c o a l  t h roughpu t  p e r  u n i t  

The concept, as tes ted ,  i n v o l v e s  b a t c h  o p e r a t i o n  w i t h  i n t e r m i t t e n t  cha rg ing  o f  
S c a l i n g  up  t h e  b a t c h  o p e r a t i o n  t o  p l a n t s  w i t h  c a p a c i t i e s  o f  

Demonstrat ion o f  con t i nuous  o p e r a t i o n  

3.0 OBJECTIVE 

The f o c a l  p o i n t  o f  t h e  exper iments was t h e  demons t ra t i on  o f  l o n g  methanat ion 
c a t a l y s t  " l i f e "  i n  t h e  d i r e c t  p r o d u c t i o n  o f  methane f rom coa l  ( o r  c o a l - l i k e  hydro- 
carbons)  w i th  steam i n  a con t inuous  r e a c t o r .  Pursuant  t o  ou r  ma jo r  aim, c a t a l y s t s  
were a l s o  surveyed a t  120OOF t o  f i n d  t h e  " b e s t "  c a t a l y s t  t o  methanate CO and H2 - some 
i n  t h e  presence o f  s u l f u r .  

4 .0  EXPERIMENTAL EQUIPMENT - PROCEDURE 

4.1 METHANATION CATALYSTS - 1200°F 

The apparatus used t o  t e s t  methanat ion c a t a l y s t s  a t  1200°F i s  sketched i n  F i g u r e  
1. The r e a c t i o n  c o n s i s t e d  o f  a 1 - i n c h  I D  Vycor tube  f i l l e d ,  no rma l l y ,  w i t h  4 i nches  
o f  c a t a l y s t .  Space v e l o c i t i e s  ranged f rom 250 t o  2000, w h i l e  t h e  H2 t o  CO r a t i o  was 
a l s o  v a r i e d  f rom 4 : l  t o  1 . 6 : l .  Hydrogen s u l f i d e ,  when used, ranged f rom 0.5 t o  2.0 
volume pe rcen t .  

capable o f  a n a l y z i n g  H2, 02, N2. CH4, CO and C02. 
f rom a chromatograph by u s i n g  t h e  peak h e i g h t  t echn ique .  
r u n  p e r i o d i c a l l y  t o  check f o r  s h i f t s  i n  peak h e i g h t .  

E x i s t i n g  gases were d r i e d  and passed th rough  a F i s h e r  Gas P a r t i t i o n e r ,  which i s  
The methane y i e l d  was determined 

C a l i b r a t i o n  samples were 

4.2 DIRECT PRODUCTION OF METHANE 

The apparatus used i n  t h i s  phase i s  shown i n  F igu res  2 and 3. Two Lapp pumps 
were used t o  f o r c e  t h e  feeds tock  and/or  water  a t  e leva ted  pressures i n t o  t h e  r e a c t o r .  
The r e a c t o r  shown i n  F i g u r e  3 i s  4 f e e t  l o n g  and has a 1 - i n c h  IO. It i s  designed t o  
w i t h s t a n d  temperatures o f  1500°F and pressures o f  1000 p s i g .  
p laced  i n  t h e  m i d d l e  o f  t h e  r e a c t o r  and heated t o  t h e  d e s i r e d  tempera tu re  by a L indberg  

The c a t a l y s t  bed i s  
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f u rnace .  The temperature i s  mon i to red  by t h r e e  thermocouples l o c a t e d  i n  t h e  thermo- 
w e l l  i n s i d e  t h e  r e a c t o r .  
t h e  p ressu re  t o  be c o n t r o l l e d .  

The pressure i s  reco rded  and c o n t r o l l e d  by a T a y l o r  Fulscope Recorder C o n t r o l l e r .  
P r o v i s i o n s  have a l s o  been made t o  i n t r o d u c e  gases under  p ressu re  w i t h  c o n t r o l l e d  f l o w .  
The p roduc t  gas f rom t h e  r e a c t o r  i s  sampled p e r i o d i c a l l y  f rom a water  t r a p  and passed 
t h r o u g h  a F i she r  Gas P a r t i t i o n e r  which determines t h e  methane y i e l d .  The remainder  o f  
t h e  p roduc t  gas, l e s s  t h e  sma l l  amount used f o r  t h e  chromatograph, passes th rough  a 
wet t e s t  meter  which measures t h e  amount o f  gas produced. 

Severa l  f a i l - s a f e  d e v i c e s  a r e  i n c o r p o r a t e d  i n t o  t h e  system. I f  t h e  temperature 
w i t h i n  t h e  r e a c t o r  r i s e s  above a predetermined l e v e l ,  t h e  complete system shu ts  down. 
Sensors m o n i t o r  r e a c t o r  p r e s s u r e  so t h a t  e i t h e r  t o o  h i g h  an  upstream p ressu re  o r  t o o  
l o w  a downstream p ressu re  s h u t s  down t h e  complete system. 
a one-man o p e r a t i o n  w i t h  t h e  p o s s i b i l i t y  o f  unattended, con t inuous  opera t i on ,  i f  
necessary. 

The p roduc t  gas passes th rough  a motor v a l v e  which a l l o w s  

Th is  system i s  des igned f o r  

4.3 FEEDSTOCKS 

Dur ing  t h e  d i r e c t  p r o d u c t i o n  o f  methane phase o f  t h e  t e s t i n g ,  a number o f  d i f f e r e n t  
f eeds tocks  were t r i e d .  D i r e c t  i n j e c t i o n  of coa l  under pressure was n o t  cons ide red  
f e a s i b l e  i n  ou r  smal l  l a b o r a t o r y  r e a c t o r ,  so f u r t h e r  ba tch  t e s t s  were conducted us ing  
char .  Dur ing these t e s t s  samples o f  char  were mixed w i t h  c a t a l y s t s ,  p laced i n  t h e  
r e a c t o r  and steamed a t  s p e c i f i c  temperatures and pressures.  

To e v a l u a t e  t h e  f e a s i b i l i t y  o f  con t i nuous  o p e r a t i o n ,  f eeds tocks  were chosen t h a t  
c o u l d  be c o n t i n u o u s l y  i n j e c t e d  i n t o  t h e  r e a c t o r .  Four feedstocks t h a t  c o u l d  be con- 
t i n u o u s l y  added wi th steam t o  t h e  r e a c t o r  were c o a l  t a r ,  benzene, No. 2 f u e l  o i l ,  and 
anthracene o i l .  Anthracene o i l  was chosen f o r  f u r t h e r  t e s t i n g  because o f  i t s  ease i n  
h a n d l i n g  and i t s  s i m i l a r i t y  i n  compos i t i on  t o  coa l ,  e s p e c i a l l y  i t s  H / C  r a t i o  (see 
Tab le  1 ) .  

4.4 CATALYSTS 

O f  t h e  55 d i f f e r e n t  c a t a l y s t s  t e s t e d ,  1 0  were commerc ia l ly  a v a i l a b l e  methanat ion 
c a t a l y s t s  and 45 were l a b o r a t o r y - p r e p a r e d  c a t a l y s t s  u s i n g  accepted c a t a l y s t  p r e p a r a t i o n  
techniques.  C a t a l y s t s  were prepared by impregnat ion,  i o n  exchange, and decomposi t ion.  
Many d i f f e r e n t  promoters and comb ina t ions  o f  promoters were examined. 
c a t a l y s t s  were c a l c i n e d  a t  1200°F and a c t i v a t e d  u s i n g  t h e  s tandard  a c t i v a t i o n  procedure.  
Comnercial c a t a l y s t s  were a c t i v a t e d  u s i n g  t h e  manufacturers' recommended procedure (see 
5.0) .  

A l l  p repared 

5.0 RESULTS 

5.1 METHANATION CATALYST SURVEY 

Tab le  2 p rov ides  a s e l e c t e d  l i s t  o f  c a t a l y s t s  t e s t e d  and t h e i r  methane y i e l d s  a t  
a H2 t o  CO r a t i o  o f  3 t o  1 under  v a r y i n g  c o n d i t i o n s  o f  space v e l o c i t y  and H2S. 
observed t h a t  t h e  n i c k e l  ( N i )  promoted c a t a l y s t s  l o s t  a c t i v i t y  as t h e  c a t a l y s t  bed was 
s u l f i d e d .  
was poisoned by the  H2S i n  t h e  gas feeds tock .  
increased,  t h e  methane y i e l d  decreased f o r  t hese  o t h e r  c a t a l y s t s .  

A l l  t e s t s  were r u n  a t  a tmospher ic  c o n d i t i o n s ,  and most were sho r t - te rm t e s t s  
r a n g i n g  from 6 t o  8 hours.  
as a f u n c t i o n  of t i m e  and H2S c o n c e n t r a t i o n ,  b u t  a l l  t h e  o t h e r  c a t a l y s t s  decreased as 

We 

Moreover, as t h e  space v e l o c i t y  was 
Other  meta l  c a t a l y s t s  were t r i e d ;  however, except  f o r  p la t i num ( P t ) ,  each 

The p l a t i n u m  c a t a l y s t s  showed no decrease i n  r e a c t i v i t y  

4 

1 
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t h e  t i m e  o f  t h e  t e s t  w i t h  H2S was extended. 
v e r y  r e s i s t a n t  t o  h i g h  temperatures and should be  cons ide red  a n  e x c e l l e n t  suppor t  f o r  
h i g h  tempera tu re -h igh  p ressu re  work. 

The Nor ton,  l ow  s u r f a c e  a rea  suppor t  i s  

t 

5.2 DIRECT PRODUCTION OF METHANE 

A da ta  sheet o f  s e l e c t e d  r e s u l t s  i s  p rov ided  i n  Tab le  3 .  The temperatures,  

An 
pressures,  feedstock,  c a t a l y s t ,  p roduc t  gas produced, and we igh t  o f  methane produced 
a r e  t a b u l a t e d .  
example o f  one o f  ou r  cu rves  appears i n  F i g u r e  4.  
t h a t  we c o u l d  determine t h e  base f o r  each feeds tock  and b e t t e r  understand t h e  c a t a l y s t  
performance. 
t h e  t e s t s  were te rm ina ted  because p lugs  formed i n  t h e  r e a c t o r .  

One problem was t o  de te rm ine  t h e  b e s t  way t o  i n t r o d u c e  t h e  a l k a l i  m a t e r i a l  needed 
t o  enhance g a s i f i c a t i o n .  
w i t h o u t  K2CO3 were steamed a t  a water  r a t e  o f  65 m l /h r .  Assuming t h e  s t o i c h i o m e t r y  t o  
be 2C f 3H20 = 3Hz f CO + Cop, t h e  t h e o r e t i c a l  y i e l d  would be 35 scf g a s / l b  H20.. I n  
t h e  exper iments w i t h o u t  K CO3. 7.1 s c f  g a s / l b  H20 was produced f o r  a 20% t h e o r e t i c a l  
y i e l d ,  whereas 25 grams o f  K2CO3 gave 25.0 s c f  g a s / l b  H20, o r  a 71% t h e o r e t i c a l  y i e l d .  
Therefore,  K?C03 i s  o b v i o u s l y  needed t o  a c c e l e r a t e  t h e  g a s i f i c a t i o n  r e a c t i o n .  Three 
methods f o r  i n t r o d u c i n g  K2CO3 were t r i e d  i n  ou r  con t inuous  t e s t i n g  program. 
method i n v o l v e d  t h e  d i r e c t  a d d i t i o n  o f  K2CO3 t o  t h e  feeds tock  b e f o r e  i n j e c t i o n  i n t o  
t h e  r e a c t o r .  A second method t r i e d  t h e  d i r e c t  impregna t ion  o f  K2CO3 i n t o  t h e  c a t a l y s t  
used f o r  methanat ion.  
t o  t h e  methanat ion c a t a l y s t  bed. The f i r s t  method proved t o  be t h e  b e s t  procedure. 

From t h e  r e s u l t s  i n  Tab le  4, seve ra l  genera l  conc lus ions  were drawn. I n  a l l  
exper iments,  t h e  feeds tock  convers ion  decreased as a f u n c t i o n  o f  t ime ;  the re fo re ,  t h e  
gas p r o d u c t i o n  decreased. The c a t a l y s t  a c t i v i t y  a l s o  decreased as a f u n c t i o n  o f  t ime;  
the re fo re ,  t h e  methane y i e l d  decreased ( F i g u r e  4 ) .  A number o f  t h e  c a t a l y s t s  used were 
found t o  be  regenerab le  a f t e r  an  o x i d a t i o n  and r e d u c t i o n  scheme, b u t  t h e  decreases i n  
feedstock convers ion  and methane y i e l d  were a g a i n  observed. 

Two p o s s i b l e  e x p l a n a t i o n s  f o r  t h e  decrease i n  methane y i e l d  have been suggested. 
One i s  t h a t  t h e  m e t a l l i c  n i c k e l  su r face ,  which forms t h e  a c t i v e  s i t e  f o r  methane p ro -  
d u c t i o n ,  has been d e a c t i v a t e d  by t h e  f o r m a t i o n  o f  n i c k e l  c a r b i d e  (Ni3C).  
p o s s i b i l i t y  i s  t h a t  amorphous carbon formed d u r i n g  t h e  r e a c t i o n  p l u g s  t h e  c a t a l y s t  
sur face and p reven ts  t h e  H2 and CO gas m i x t u r e  f rom making c o n t a c t  w i t h  t h e  a c t i v e  
n i c k e l .  
c a t a l y s t  has been observed a t  t h e  c o n d i t i o n s  e s t a b l i s h e d  i n  our  t e s t s .  

Our y i e l d  da ta  was eva lua ted  by i n t e g r a t i n g  under t h e  cu rve .  
The f i r s t  f o u r  t e s t s  were r u n  so 

These t e s t s  ranged i n  l e n g t h  f rom 1 t o  30 hours, a l t h o u g h  a number o f  
. 

I n  p rev ious  exper iments,  200 grams o f  l i g n i t e  c o a l  w i t h  and 

One 

The l a s t  method added a c t i v a t e d  a lumina impregnated w i t h  K2CO3 

The second 

W i t h  t h e  low s u l f u r  f eeds  no d e t e c t i o n  o f  s u l f u r  po i son ing  of t h e  n i c k e l  

6.0 CONCLUSIONS 

6.1 METHANATION CATALYST SURVEY AT 1200°F 

Of t h e  55 c a t a l y s t s  examined, t h e  n i c k e l  ( N i )  promoted c a t a l y s t  p r o v i d e d  t h e  b e s t  
a c t i v i t y  f o r  t h e  p r o d u c t i o n  o f  methane f rom a hydrogen and carbon monoxide gas m i x t u r e .  
We a l s o  found t h a t  a l l  n icke l -promoted c a t a l y s t s  were d e a c t i v a t e d  when a gas c o n t a i n i n g  
H2S was passed ove r  t h e  bed. Other  metal-promoted c a t a l y s t s  were examined and, except  
f o r  p l a t i n u m  ( P t ) ,  each was poisoned by t h e  H z S  i n  t h e  gas feeds tock .  The m a j o r  draw- 
back t o  u s i n g  t h e  plat inum-promoted c a t a l y s t  i s  i t s  h i g h  c o s t .  I t  i s  o u r  o p i n i o n  t h a t  
t h e  conven t iona l  me thana t ion  ca ta l ys ts  a r e  n o t  s u i t a b l e  f o r  o p e r a t i o n  a t  t hese  c o n d i t i o n s  
(1200°F and H2S) and t h a t  f u r t h e r  c a t a l y s t  development i n  t h i s  area i s  needed. 

6.2 DIRECT PRODUCTION OF METHANE 

I n  t h e  d i r e c t  conve rs ion  o f  hydrocarbon feedstocks t o  methane, we have observed, 
i n  a l l  cases, a decrease i n  b o t h  gas p r o d u c t i o n  and methane y i e l d  a s  t h e  t e s t  con t i nued .  
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T h i s  decrease was a t t r i b u t e d  t o  c a t a l y s t  i n s t a b i l i t y  a t  t h e  e s t a b l i s h e d  o p e r a t i n g  
c o n d i t i o n s .  We t r i e d  a number o f  d i f f e r e n t  hydrocarbon feedstocks,  except  c o a l ,  and 
a l l  o u r  d a t a  have r e v e a l e d  t h e  same r e s u l t s .  A number o f  d i f f e r e n t  c a t a l y s t s  were 
t r i e d ,  and a l l  showed t h a t  ca rbon  d e p o s i t i o n  (Ni3C) on t h e  a c t i v e  s u r f a c e  d e a c t i v a t e d  
t h e  c a t a l y s t .  We f e e l  t h a t  t h e  h e a r t  o f  t h i s  concept  i s  t h e  c a t a l y s t .  Be fo re  suc- 
c e s s f u l  o p e r a t i o n  on  a c o n t i n u o u s  b a s i s  i s  achieved, a b e t t e r  c a t a l y s t  system must be 
developed. 
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TABLE 1 

FEEDSTOCK COMPOSITIONS 

Anthracene 
Char 

BT U 16,340 19,400 17,986 16,680 13,960 
H 5.5 12.7 7.7 6.0 1 .o 
C 90.9 86.7 92.3 91.6 80.0 
N 0.83 - -  -_  .54 --  
S 0.7 . 4  .5 .4 

- _  .02 13.9 Ash .29 --  

- Coal Tar #2 Fue l  O i l  Benzene O i l  

_- 
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